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Theperformanceof14connnercialadhesivesattemperaturesfrom
-70°to6WI F wasevalwtedinlapshearspecimensof clad24S-T3alumi-
numalloyto itselfandthatof7 commercialadhesivesat -70°to 250°F
inlapjointsof cotton-fabric-phenoliclaminateto itself,ofglass-
fabric-polyesterlaminateto itself,andinjointsof eachofthese
lsminatesto cladaluminum.Onehot-settingtapeadhesivewasfoundto
be significantlysuperiorto allothersinlap-jointspecimensofalumi-
numalloyto itselfandthatof 7 commercialadhesivesat -70°to 2500F
mercialadhesivesevaluatedat -70°to 250°F inlapshearspecimensof
plasticlaminatesbondedtothemselvesandtoaluminumhadonlyfair
resistanceto stressingimmediatelyuponreaching250°F. Theadhesives
generallyperformedadequatelyinthevariousjointsat -70°F.

INTRODUCTION

Inthemanufactureofaircraft,thebondingofpanelsof sandwich
constructionsofaluminumtovariouscorematerialsandthebondingof
aluminumto itselfbymeansofadhesivesofferseveralimportantadvan-
tagesoverothermethodsoffastening.Similartechniquesforadhesive
bondingof structuralplasticlaminatesarealsoimportant.A numberof
adhesiveshavebeenformulatedforuseinbondingmetals,andsomed
-theseadhesiveshavealsobeenusedforbondingplasticlaminates.Other
adhesiveshavebeenformulatedparticularlyforbondingtheselaminates.
Adhesivesofthesetypeshavegenerallyprovedtobe satisfactoryunder
ordinaryserviceconditions.Inmodernaircraft,however,suchbonds
maybe exposedtoverylowtemperaturesinarcticserviceorathigh
altitudesortoveryhightemperaturesthatmayoccurathighspeeds
or incertainpartsoftheaircraft.LWted availableinformation
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indicatedthatsomeofthecurrentadhesiveswerenotadequateforhigh-
temperatureservice.

Theworkforwhichtheresultsareherepresentedwasundertaken
inorderto evaluatemoreextensivelytheperformanceinaluminumlap
jointsofa numberofrepresentativecommercialmetal-bondingadhesives
attemperaturesfrom-70°to 6000F,bothwhentestedimmediatelyat
thesetemperaturesandwhentestedafterseveraldaysof exposureat
temperaturesfrom16ooto 450°F. Suchperformancedataforthese
commercialadhesivesweredesiredasa backgroundonwhichtobasenew
formulationsofadhesiveswhichmightbe adequateforaircraftuse.
Inasmuchasthefieldofadhesivesforbondingstructuralpartsis ina
stateofconstantflux,as isevidencedby thefrequentappearanceof
newcommercialadhesives,aswellas newormodifiedbondingprocedures,
thelimitedresultsreportedhereinshouldbe viewedasrepresenting
onlytherelativeefficiencyoftheadhesiveswhentestedunderthe
conditionsspecified.Theyarenotintendedforuseasa basison
whichto selectadhesivesforaticraftuse.

Theworkhereinreported<asdoneintwosepsrateseriesoftests.
A firstgroupof adhesiveswassystematicallyevaluatedata complete
seriesoftemperatureconditions.A secondseriesofadhesiveswasthen
evaluatedon a muchmorelimitedscsleby screeningthemat elevated-
temperatureconditionsthathadbeenfoundtobe quitecriticalforthe
firstgroupof adhesives.Onlythoseadhesivesconsideredto show
unusualpromiseathightemperaturesinthesescreeningtestswere
thenevaluatedmorethoroughlyovera largerrangeoftemperature
conditions.

Becauseoftheimportanceof certainhigh-strengthplasticlaminates
inmodernaircraftitwasalsodesirabletomakesomepreliminaryinves-
tigationsoftheperformancebothat an elevatedandata lowtempera-
tureof someofthebetteradhesivesusedinbondingtheselaminatesto
themselves.Onlythoseadhesivesthatshowedpromisingperformancein
thesetestswerefurtherevslwtedunderthesameconditionsinbonds
oftheselamimtesto cladaluminumalloy.

ThisinvestigationwasconductedattheForestFroductsLaboratory
underthesponsorshipandwiththefinancialassistanceoftheNational
AdvisoryCo&itteeforAeronautics.

PRCXEDURE

Adhesives

Thefollowingcommercialadhesives,identifiedinthisreport
thelettersprecedingthedescriptionsgivenbelow,wereevaluated

by
in
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aluminum-to-aluminumjoints.A codesheetidentifyingtheadhesivesby
tradenamesor supplierisattachedto thereportasappendixA.

A

B

c

D

E

F

G

H

I

J

K

L

M

N

high-temperature-settingformulationofa thermosettingresin
andsyntheticrubber(believedtobe neoprene)

two-stageprocess;primaryadhesivewasA andsecondary
adhesivewasanacid-catalyzed,intermediate-temperature-
setting,phenol-resinadhesive

high-temperature-settingmodifiedvinyl-resinformulation

high-temperature-settingmodifiedvinyl-resinformulation

high-temperature-setting,two-component,modifiedvinyl-
restiformulation

high-temperature-settingmodifiedvinyl-resinformulation

Ugh-tenprature-settingformulationofa thermosettingresin
andsyntheticrubber(believedtobe butadiene-acrylonitrile)

high-temperature-settingsiliconeresin

high-temperature-settingadhesiveassumedtobe a formulation
ofa phenolresinanda polyvinyl-butyralresin

high-temperature-settingadhesiveinpowderformassumedtobe
a formulationbasedon epichlorohydrinresins

high-temperature-settingadhesiveassumedtobe ofa modified
polywinyl-butyral.base

room-temperature-settingadhesiveassumedtobe a formulation
basedonepichlorohydrinresins

room-temperature-settingadhesiveassumedtobe a formulation
basedonepichlorohydrinresins

high-temperature-settingtapeadhesiveassumedtobe a
formulationofphenolresinandsyntheticrubber(probably
butadiene-acrylonitrile)

Inadditionto adhesivesD ?mdM,thefollowingadhesiveswere
usedinplastic-to-plasticandinplastic-to-aluminumjoints.
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0 room-temperature-setting

P room-temperature-setting
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resorcinolresin

polyester-resinformulationwith
benzoyl-peroxidecatalystanda commercialpromoter

Q room-temperature-settingadhesiveassumedtobe a formulation
basedon epichlorohydrinresins

R high-temperature-settingpolyester-resinformulationwith
benzoyl-peroxidecatalyst

s room-temperatie-settingfurane-resinformulation

TestPanelsandSpecimens

Aluminum-to-aluminumjoints.-Testpanelsofaluminum-to-aluminum
jointswerepreparedbybondingtwosheetsof0.06k-inch-thickclad2hS-T3
aluminumalloy,each‘jby 8 inchesinarea,withan overlapof0.5inch
alongthe8-inchlength.Thepanelandtestspecimenareshownin
figure1. Sixspecimens,each1 inchtideand9.5incheslong,werecut
fromeachpsmelwitha specialpowersawin sucha mannerthatover-
heatingormec~cal damagetothespecimenwasreducedto a minimum.

Plastic-to-plasticandplastic-to-aluminumjoints.-Lapshear
specimensof fourty_peswereprepared.Thesewere:

(1)

(2)

(3)

(4)

me A: GradeL cotton-fabric-phenoliclaminateto itself

me B: Glass-fabric(181-H4)-po~esterlaminateto itselX

Type C: 24S-T3
laminate

TypeD: 2@T3

cladaluminumto gradeL cotton-fabric-phenolic

cladaluminumto glass-fabric(181-U4)-po~ester
laminate

PanelsforspecimensoftypesA andB werepreparedbybondingtwo

sheetsofthelaminate,each1/8inchthick and17by l+ inchesin
-1 B

area,witha 0.5-inchlapalongthe1~-inch side,as showninfigure2.

Eightspecimens,each1 inchwideand%
fromeachofthesepanelswitha special
mechanicaldamageandoverheatingofthe
minhum.

incheslo& as shown,werecut

pwer sawin sucha mannerthat
specimenwerereducedtoa

..— -.———
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PanelsforspecimensoftypesC andD werepreparedby bonding

stripsof0.032-inch-thick2hS-T3cladaluminumalloy,each1:by

l+ inchesinarea,witha stripof0.032-inch-thickplasticlaminate

1/2inchby 14 inchesinarea,insertedbetweenthesheetsofaluminum
c

sothateachedgeofthealuminumoverlapped

figure3. Eight

cutfromeachof
andB.

specimens,each1 inchwide

thesepanelswitha special

the1aminate,

and~ inches

powersaw,as

as shownin

long,were

fortypesA

5

PreparationofSurfacesforAdhesiveBonding

Aluminum.-Letteringandsurfacegreasewerefirstremovedfromthe
aluminumsheetsby wiping with a benzene-soakedcloth.Thesheetswere
thenimmersedfor-5m-tiu~esat 140°to 16ooF h a bathofthefollowing
composition:

Ingredient Partsby weight

Sodiumdicbromate 1
Sulfuricacid(concentrated) 10

Water 30

Afterremovalfromthisbaththesheetswererinsedthoroughlyincold
water,theninhotwater,andthenallowedto air-dry.

Plasticlaminates.-Plasticlaminateswerepreparedby light
sandingwithmedium-fineemeryclothandthenwipedwitha cleancloth
saturatedwithethylacetate.

ProceduresforBonding

Theconditionsusedforbondingthealuminum-to-aluminumjoints
aregivenintable1,andtheconditionsforbondingplasticlaminates
tothemselvesandtoaluminumaregivenintable2. Theadhesivewas
alwaysspreadwithin4 hoursaftercleaningthemetalorplastic
laminate.Aftertheirremovalfrompressureallpanelswereconditioned
for7 daysat800F and30-percentrelativehumiditybeforeindividual.
testspecimenswerecutfromthemaspreviouslydescribed.

.—-—— —. .—.- .—. –- —
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Inbondingaluminnmto aluminumwithadhesivesA toN thebonding
conditionswerewithintherangerecommendedby themanufacturer,with
theexceptionofadhesiveH,whichwasprimarilyintendedasa metal
primerusedincotiinationwithotheradhesives.Themanufacturer’s
recommendationsforbondingconditionsforadhesiveH thereforewere
no%available.Thissiliconeresinwasusedexperimentallyas an
adhesiveinthisstudybecauseofthereputationof siliconesasheat-
resistantmaterials.

Specificrecommendationswerenotusuallymadeby theadhesive
manufacturersforuseoftheiradhesivesinbondingaluminumtoplastic
laminatesorplasticlaminatestothemselves.However,theadhesives
usedinbondingthesematerialswereusedfollowingthemanufacturers’
generalrecommendationsfortheadhesives,withtheexceptionof
adhesiveP,whichwasusedwithspecialpromoters
formulatean adhesivecapableof curingatnormal

TestingProcedure

inanattemptto
roomtemperatures.

Aluminum—to—aluminumspecimens.-Thealuminum-to-aluminumspecimens
weretestedintensionshesrina universal-metestingmachine.At
-70°andat800F thespecimenswereheldin se~-aliningwedgegrips.
At theothertemperaturestheloadwasappliedthroughspecialslotted
gripsby meansofpins5/16inchindiameter,whichwereinsertedthrough
holes(3/8in. in diam.)drilled3/4inchfromeachendofthespecimen.
Thesegripswereseti-alinhg.Thelattermethodpermittedrapid
changingof specimensinthetestmachineand,therefore,reducedtem-
peraturefluctuationsbecausethetest-chamberdoorwasopenforshorter
periodsoftime.Thismethodofloadingwithpinscouldnotbe usedat
-70°to800F becaueatthesetemperaturesthespecimensfailedatthe
holeswherethephs wereinserted.At thehighertemperaturesthe
adhesivebondswerenotstrongenoughtoreachthislevelof strength
ofthemetal.Theloadwasappliedat therateof600poundsperminute
untilfailureoccurred.

Afterfailure,eachbrokenspecimenwasexaminedandthepercentages
offailurethatoccurredincohesioninthebondingagentandinadhesion
ofthebondingagenttothemetalwerenoted.

Plastic-to-plasticandplastic-to-aluminumspecimens.-Theplastic-
to-plasticandplastic-to-aluminumspectiensweretestedintension
shearina universal-typetestingmachine.Thespecimenswereheldby
gripsoftheplywood-testingme withthejawsoffsetsothateccen-
tricitywasreducedto a minimum.Loadingwasata rateof600pounds
perminuteuntilfailureoccurred.Afterfailure,eachspecimenwas
examinedandthepercentagesoffailurethatoccurredinthelaminate
or inadhesiontothelaminateortothealuminumwere’noted.

—.—. —. — --.— -..— ——
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NumberofTestPanelsandSpecimens

Aluminum-to-aluminumjoints.-Thenuniberof aluminum-to-aluminum
testpanelsprepareddependedonthenumberofteststobe made.For
theseriesoftestswithadhesivesA to G andwithadhesiveN, 17to
20panelswereprepsredsothatrepresentativegroupsof sixspecimens
couldbe testedundereachofthetestconditionsshownforthese
adhesivesintable3. With’adhesivesH toM,whichweregivenscreening
testsbutwerenotincludedincompleteevaluationtests,threepanels
werepreparedandprovidedsimilarrepresentativegroupsofsixspecimens
forpreliminarytests.Later,additionalpanelswerepreparedwiththe
sameadhesivesunderthesameconditionsandtestedunderothercondi-
tions. In suchcasesan extracontrolgroupof sixspecimenswasalways
retestedat800F. Theresultsoftestsofthesecontrolgroupswere
incloseagreement,exceptas notedinthetables.

Plastic-to-plasticandplastic-to-aluminumjoints.-Threepanels
werepreparedforspecimensoftypesA,B, C, andD witheachadhesive
andeachplastic.Eachpanelprotidedeighttestspecimens.The
24 specimenscutfromthesepanelswerethensortedintothreerepre-
sentativegroupsofeighteachforthevarioustestsdescribedinthe
sectionentitled‘fTestConditions.fr

TestConditions

Aluminum-to-aluminumjoints.-Ina completeseriesoftests,goups
of sixalminum-to-almninmnspecimensweretestedat eachofthefollowing—
conditions:

(1) Test1: Testedimmediatelyuponreachingequilibriumwitheach
ofthefollowingtemperatures:-70°,8oo,1400,160°,2000,250°,3500,
4500,ad 6000F

(2)Test2: Testedafterexposurefor192hours(8 days)at each
ofthefollowingtemperaturesandwhileat thesetemperatures:160°,
250°,350°,and450°F

(3) Test3: Testedatroomtemperatureafter192hours(8 days)at
eachofthefollowingtemperatures:160°,250°, 350°,and450°F

(k) Test k: Testedat -70°,800,or400°F afterexposuretothree
repeatingcycles,eachconsistingof 3 hoursat -70°1?followedby
21hoursat 400°F

Ten@eratureswerecheckedfrequentlywiththermocouples.

__—_-— —. ———— — ———. -
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Forscreeningtests,adhesives
800F, at450°F after192hoursat
after192h0ur8at 450°F.

r.

werefirstevaluatedby testingat
thistemperature,andat800F

Plastic-to-plasticandplastic-to-aluminumjoints.-Onegroupof
eightplastic-to-plasticspecimensofeachplastic(typesA andB)was
testedat800F. Adhesivesthatwereconsideredpromisingon either
plasticinthesetestsat800F wereevaluatedfurtherby testingone
oftheothergroupsof specimensat -70°F andtheotherat2500F as
soonasthespecimenshadreachedequilibriumatthesetemperatures.
Adhesivesthatshowedpromiseinthesetestsat -70°andat250°F, and
whichonthebasisofotherworkwereshowntobe suitableforbonding
aluminum,werefurtherinvestigatedforbondingthesameplastic
lsminatesto cladaluminumalloyby prepar

9
specimensoftypesC andD.

Theseweretestedat800andat -70°ad 250 F immediatelyafter
reachingequilibriumatthesetemperatures.

lwNJLm

Aluminum-to-AluminumJoints

Resultsofthetestsofthevariouscommercialadhesivesin
aluminum-to-aluminumjointsaregivenintible3. Theseresultsare
theaverageofa numberoftestsas showninthetable.Table4 shows
themaximumandminimumjointstrengthsobtainedinthesetests.

Mostoftheadhesiveshadsatisfactorystrengthwhentested
initiallyat800F. ExceptionswereadhesivesG andH. Thesewere
probablyincompletelycuredunderthecuringconditionsused,since
therewasevidenceto indicatethattheirover-alljointperformance
hadimprovedsomewhatmorethanthatof someoftheotheradhesives
whenwibsequentlyheatedat450°F inthe192-hourexposures.As
presentlyformulated,however,adhesivesG andH couldnotbe considered
tobe practicaladhesivesforbondingaluminumto itselfforhigh-
strengthjoints.

OnlyadhesivesG andN wereconsideredtohavepromiseforservice
at extremehigh-temperatureconditions,i-nthattheseadhesiveswerethe
onlyonesevaluatedthathadreasonablygoodstrengthafter192hours’
exposureat450°F whentestedbothat45i1°F andat800F (439and
486lbper0.5sqin.averagestrength,respectively,forG andN at
450°F, and605and606lbper0.5sq in.averagestrength,whentested
at800F afterexposureat 450°F). AdhesivesE andH hadaverage
strengthsof608and592poundsper0.5squareinch,respectively,when
testedat80°F after192hoursat 450°1?,buttheyretainedonly161and
100poundsper0.5squareinch,respectively,whentestedat450°F

.—— .. —.-..—.
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afterthisexposure.Otheradhesivesgavelowervaluesinbothtests,
alwaysbeinglowerinstrengthwhentestedat 450°F thanwhentested
at 80°F afterthisheatexposure.AdhesiveN wasthebestinper-
formanceat 6000F whenjointsweretestedimmediatelyuponreaching
equilibriumat thistemperature,havingan averagestrengthof 114pounds
per0.5squre inch,butthisstrengthisprobablyof littlesignificance
ina considerationofstructuralapplications.

Alladhesiveslostsignificantproportionsoftheirinitialstrength
at 80°F whentheyweretestedimmediatelyafterreachingequilibriumat
temperaturesof 160°F orhigher.Themagnitudeofsuchlossinstren@h
foreachadhesivegenerallyincreasedasthetemperatureoftestincreased
exceptforadhesivesB,C, andD. AdhesivesA, B,andN weresuperior
at theintermediatetesttemperatures,retainingconsiderablyhigher
strengthsat 250°F orhigherthandidanyoftheotheradhesivestested
immediatelyat thesetemperatures.It shouldbe notedthatthesethree
adhesiveswerepresumablyformulatedofphenolresinsandsynthetic
rubbersandthatotheradhesives,believedtobe composedprimarilyof
phenolresinsandthermoplasticvinylresins,suchasC, D,E, andF,
haddefinitelylowerstrengthswhentestedtiediatelyat 2500F or
higher.AdhesiveG, alsobelievedtobe a synthetic-rubberformulation,
hadlowresistanceto stressingat 250°F orhigher.AdhesivesK,L,
andM, thelattertwobeingroom-temperature-settingepichlorohydrin-
resinformulations,hadthelowestresistanceto stressingat l~” and
200°F andweretheleastheatresistantofalladhesivesevaluatedin
thisstudy.

Therelativebehaviorof severaladhesiveswhentestedtiediately
at 2’50°,350°,or450°F, andat either@o F or thesesametemperatures
after192hoursattheseelevatedtemperatures,is interestingandmay
disclosevaluableinformationonthecharacteristicsof certainresin
formulations.Thelg2hours!exposureto250°and350°F improvedthe
strengthofthejointsmadewithadhesivesC,F, andG whentheywere
testedat 80°F followingtheexposureat elevatedtemperature,andfor
adhesiveD whentestedat 80°F afterexposureat 250°F only. In some
casesthis-hnprovementwassignificant,aswasthatforadhesiveG,which
waspreviouslynotedtobe slowin initialcuring.Jointsmadewiththis
adhesiveincreasedinaveragestrengthfrom778(initialvalue)to
1635poundsper0.5squareinchwhentestedat 80°F after,thelg2-hour
exposureat 350°F. Underthesameconditions,jointsmadewithadhesiveC
increasedinaveragestrengthfrcm1781to24% pouadsper0.5squareinch,
andthosemadewithadhesiveF, from1182to 1~20poundsper0.5square
inch.Otheradhesives,suchasA, D, andN, losta significantamountof
strengthbecauseofthis192-hourexposureat 350°F. Thetiprovement
instrengthnotedinadhesivesC,l?,andG wasprobablydue,at leastin
part,to furthercureor cross-linkingthanthatwhichresultedunderthe
initialcuringconditionsnotedintable1. Suchtithercurewasalso

.,
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indicatedby theincreasesinstrengthnotedbetweentheresultsoftests ‘
of specimensuponfirstreachingequilibriumat 250°and350°F andby
theresultsoftestsattheseelevatedtemperaturesafter192hours
of exposureatthesesametemperatures.JointsmadewithadhesiveB,
forexample,hadaninitialaveragestrengthof498poundsper0.5square
inchwhen’testeduponfirstreaching350°F andanaveragestrengthof
722poundsper0.5squareinchwhentestedat 350°F after192hours
atthistemperature.AdhesivesC, D, E,F, G, andN showedsimilsr
increases.Morestrtig increaseswerenotedat 250°F. Jointsmade
withadhesiveD increasedinaveragestrengthfrom93to919poundsper
0.5squareinchafterthe192-hourexposureatthistemperature.Some-
whatsmallerincreaseswerealsonotedforadhesivesB,C, E,F, andN.
AnotherstrikingexamplewasnotedforadhesiveG at450°F, wherethe
averageinitialstrengthat450°F ofk6poundsper0.5squareinch
increasedto 439poundsper0.5squareinchafter192hoursatthis
temperature.Increasesin strengthat 450°F werealsonotedfor
adhesivesC, D,E, H, andN, although,withtheexceptionofadhesiveNy
theimprovementswereprobablyoflittlepractical.significance.The
Btrengthof jointstestedattheelevatedtemperatureafterthe192hours
of exposurewas,ingeneral,considerablylowerthanwhentestswere
madeat800F afterthesameexposure.

TheperformanceofadhesivesA andB was,ingeneral,different
fromthatoftheotheradhesivesinthe192-hourexposureat elevated
temperatures.JointsmadewithadhesiveA, inparticular,hadlower
strengthsafterthe192-hourexposureat250°,350°,and450°F than
similarjointstesteduponreachingthesetemperatures.Jointsmade
withadhesivesA sadB bothlostessentiallyallstrengthafterthe
192-hourexposureat4500F whentestedat 450°F, andtheyregained
noneofthisstrengthwhencooledto 80°F afterthisexposure.It
shouldbe notedthatthesetwoadhesives,A andB, hadthehighest
averagestrengthsofalladhesivesevaluated(475and510lbper0.5sq
in.,respectively)whentesteduponcomingto equilibriumwith4700F,
butthatwhentestedeitherat80°orat450°F after192hoursat
45Q0F, thesesameadhesiveshadthepoorestperformance.

Thesedata,then,showinterestingdifferencesinboththeinitial
thermostabili~ofadhesivesat elevatedtemperatures,probablybecause
ofvariationsinthermoplastici~oftheresinsinvolved,andinthe
resistancetothermaldegradationoftheseadhesivesaftera periodof
8 daysatthesesameelevatedtemperatures.Lossof strengthinthe
longe~sure maybe causedeitherby actualchemicaldegradationofthe
resinsorby furthercuringoftheresinbeyondan optimumpointthat
resultsingluelineswithexcessivelyhighstrainsthatproducefailure
at lowerlevelswhenstressedinthetestingprocedureusedinthepresent
study. AdhesiveN isbelievedtorepresentthemostsuccessfulcompromise
betweenan adhesivehavingsufficientstrengthafterinitialcure,one
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havingsufficientresistancetothermalsofteningovera rangeof
elevatedtemperatures,andonehavingresist=ceto furtherdegradation
asa resultof exposureattheseelevatedtem~raturesforseveraldays.

Jointstestedimmediatelyuponreachingequilibriumat -70°1?
generallyhadlowerstrengthsthanthosetestedat800F. Exceptions~
werenotedforadhesivesA andG. Theformerhadan averagestrengthof
1530poundsper0.5squareinchat800F andof2813poundsper0.5square
inchat -70°F andthelatterhadstrengthsof778and1493poundsper
0.5squareinch,respectively,underthesameconditions.AdhesivesE
andN showeddecreasesofonlyXland7 percent,respectively,when
testedat -70°F,whileadhesivesB, C,D, andF lostfron32to 60per-
centoftheiraveragestrengthat800F whentestedat -70°F. The
jointswerealwaysmuchstrongerat -70°F th~at 250°F orhigher,
eitherwhentesteduponreachingthetemperature(test1) orafter
192-hourex&xuresto suchelevatedtemperatures(test2). Performance
oftheseadhesivesin suchaluminum—to—aluminumjointsat -70°F didnot
appeartobe soseriousa limitationtotheirutilizationaswastheir
performanceattheelevatedtemperatures.

Thecyclicexposureat -70°and~0° F (test4)wasnotso severe
asthe192-hourexposureat 350°or450°F (tests2 and3). Resultsin
test1 at -70°F indicatethatthepartofthecycleinvolvingthelow
temperatureprobablyhadlesseffecton jointperformsmce thandidthe
portionat 400°F. Whenthespecimensweretestedat800F afterthe
threecyclesstrengthvaluesweregeneralJyhigherthanwhenspecimens
weretestedafterexposurefor192hoursat 350°F (test2) andwere
generallylowerthanwhentestedat800F after192hoursat 350°F
(test3). Testsmadeat800F afterthecyclicexposuregenaallygave
higherstrengthvaluesthanthoseobtainedintestsat800F after
heatingfor192hoursat4w0 F (test3). AdhesiveB hadthehiahest
strength(558lbper0.5sqin.)
exposure.

Plastic-to-Plasticand

whentestedat400°F aftercyclic

Plastic-to-AluminumJoints

Theresultsoftestsofplastic-to-plasticandplastic-to-aluminum
jointsaregivenintables5 and6. Theaveragesoftheresultsofa
numberoftestsaregivenintable5 andthemaximumandminimumjoint
strengthsobtainedinthesetestsaregivenintible6.

AdhesivesO,P, andR gaveaveragestrengthsof322,327,and421
poundsper0.5squareinch,respectively,inphenoliclaminatespecimens
at800F andwerenotconsideredtobe sufficientlypromisingto justify
furtherinvestigationinthiswork. AdhesiveO wasalsonotconsidered
promisingenoughforbondingglass-fabriclaminatesto justifyf@ther
evaluation.AdhesivesD,M, Q,andS gaveinitialaveragestrengthsat

.— . ..——. ._______
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.

800F of639to 648poundsper0.5squareinchinthephenoliclaminate
andresultedinlargeamountsofplasticfailure.AdhesiveD wasthe
mostpromisingat 250°F, retainingu averagestrengthof414pounds
per0.5sgusreinch,andadhesiveS wasnextwith276poundsper
0.5squareinch;adhesivesM andQ, inturn,retained188and118pounds
per0.5squareinch,respectively,at 250°F. Allfouradhesives
retainedalloftheirinitialstrengthat800F whentestedat -70°F
inphenoliclaminatejoints.

In jointsofgkss-f~riclaminateto itself,adhesiveD gave
considerablyhighertitialaveragestrengthat800F (1.100lbper
0.5sqin.)thanit didinphenoliclaminatejoints,mainlybecause
of lessfailureinthestrongerglass-fabricplasticlaminate.Strength
resultswithadhesivesM andQ inglass-laminatespecimenswereabout
thesameat800F astheyweretiphenoliclaminatespecimens,and
similarjointsmadewithadhesiveS weresomewhatlowerinaverage
strengthat800F (420lbper0.5sqin.)thanforthisadhesivein
phenoliclaminatejoints(639lbper0.5sqin.).Performancesof
theseadheaivesat 250°F intheglass-fabriclaminateswerequite
similerto thoseinthephenoliclaminates,withstrengthvaluesfor
adhesivesD andS beingsomewhatlowerandthestrengthvaluefor
adhesiveM beingsomewhathigheronglass-fabriclaminates.AdhesiveD,
theonlyoneusedinaluminum-to-aluminumjointsandtestedimmediately
afterreachingequilibriumat250°F, hada averagestrengthof
93P- P= 0.5sqwe inchinmetal-to-metaljointsat250°F, as
previouslymentioned,as comparedwith414and303poundsper0.5square
inchintheplastic-to-plasticjointsofthetwolaminatesinthepresent
study. Alladhesivesinthepresentstudyofglass-fa%ric-ltite
jointsretainedessentiallyalloftheirinitialstrengthat80°F when
testedat -70°F exceptD, andthestrengthofthejointswithadhesiveD
at -700F wasstill862poundsper0.5squareinch.

onlyadhesivesD, M, andQwere consideredtobe of sufficient
promisetobe evaluatedinplastic-laminate-to-aluminumjoints,since
previousexperienceinotherstudteshadindicatedthatadhesivesP,R,
andS werenotpromisingforbondingto aluminum.AdhesivesD andQ
producedtnitialjointswithbothlaminatesto aluminumthatwere
approximatelyequalin strengthat800F,whereasadhesiveM wassome-
wlmtiirferior.Therelativeperformanceoftheseadhesivesat250°F
wassomewhatsimilartothatofthesameadhesivesinplastic-to-plastic
joints,withadhesiveDbeingconsiderablysuperiorto adhesivesMand Q.
Performanceofthesesameadhesivesinplastic-to-metal.jointsat -70°F
wasdistinctlypoorerthanthatforthesesameadhesivesat800F, or
thanthatinplastic-to-plasticjointsat -70°F. Failureswerelargely
inadhesiontothemetalortotheplastic,whichmayhavebeencaused
by excessivedifferentialstressesexertedinthegluelinesbetweenthe
dissimilarmaterialsatthislowtemperature.AdhesiveD wasthebest
ofthethreeadhesivesat -700F, retaining60and& percent,

——. .—— . .
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respectively,ofthe
phenoli.claminateto
aluminum.

averagestrengthat800F inthe
aluminumandoftheglass-fabric

13

jointsofthe
laminateto

AdhesiveD, a hot-settingformulation,wasthusthemostpromising
adhesive forbondingbothplasticlaminatestothemselvesandto aluminum
whereresistanceto stressingatboth-700and250°F isimportant.The
tworoom-temperature-settingformulationsM andQ wereinferiortoD in
resistanceto softeningat250°.Fand,to a lesserextent,toresistance
to stressingat -70°F intheplastic-to-metaljoints.

SUMMARYOFRESULTS

Thefollowingresultsarederivedfroman investigationofthe
effectoftemperaturesfrom-70°to 6000F onthebondstrengthof
lapshearspecimensof clad23S-T3aluminumalloyandof cotton-and
glass-fabricplasticlaminates.

1.Themostpromisingcommercialadhesivetested,fromthestand-
pointof resistancetotemperaturesof 450°F orhigher,wasadhes~veN,
a hot-settingtapeadhesiveassumedtobe a formulationofphenolresti
andsyntheticrubber,probablybutadiene-acrylonitrile.Noneofthe
otheradhesivestestedwasconsideredtobe aspromisingforapplications
whereresistancetotemperaturesof450°F orhigherisrequired,although
adhesiveG,a slow-curingadhesive,alsobelievedtobe a formulationof
phenolresinanda syntheticrubber,hadpromisingresistanceto pro-
longedexposureathightemperatures.AdhesivesA andB, containing
anothertypeof synthetic@her, werenotpromisingforhigh-temperature
service.

2.AdhesiveD, a high-temperature-setting,modifiedvinyl-resin
formulation,wastieonlyadhesiveinvestigatedthathadreasonably
goodadhesioninaluminum-to-aluminum,inglass-cloth-phenoliclaminates
to themselves,andinlaminate-to-aluminumjointsandwhichhadarqr
reasonablygoodresistanceto temperaturesashighas250°F.

3. Oftheadhesivesfoundtobe suitableforbondingphenolic-cotton-
fabricorpolyester-glass-fabriclaminatesto themselves,nonehadany
outstandingresistancetothemnalsofteningwhentesteduponreaching
250°F.

4.Theshearstrengthof lap-typespecimensofaluminmorplastic
laminatesbondedwiththevariowadhesivesinthisstudywasconsiderably
lessaffectedby stressingat -70°F thanby stressingat 250°F orhigher.

ForestProductsLaboratory
Madison,Wise.,January26,1951
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4.Theshearstre.nglihoflap-typespecimensofaluminumorplastic
laminatesbondedwiththevariousadhesivesinthisstudywascon-
siderablylessaffectedby stressingat -70°F thanby stressingat
250°F orhigher.

ForestProductsLaboratory
Madison,wise.,January26,1951
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APPENDIX

CODESHEET111~ G ADBESIVESUSEDIN INVESTIGATION
a

Thetradenamesorsuppliersoftheadhesivesusedinthepresent
investigationareas follows:

A
B
c
D
E
F
G
H
I
J
K
L
M
N
o
P

Q
R
s

CycleWeldC-3
CycleWeldC-3withDurez13297
CycleWeld55-10
Plycozite117C
ReduxE
Bakel_iteXC16320
PliobondM-20
GE 12513
adlesivesuppliedby B.B. ChemicalCo.
AralditeType1
Plastilock500
adhesiveL-1372oftheSpecialtyResinsCo.
adhesiveL-1358FoftheSpecialtyResj_nsCo.
Plastilock601Tape
AmberlitePR-115
Selectron5003,with1.6percentbenzoylperoxideand
3 percentpr~oter~-l

CycleWeldC-n
Selectron5003,with0.8percentbenzoylperoxide
ResinX-2

...———_— —— .——
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TAELEl

CONDITIONSUSEDINBONDINGLAPSHEARTESTSPECIMENS

OFCLAD2@-T3ALuMImMAILOY

open PreCurlng conditions
a*~&Q afteropenassembly curingconditions

~me Met.hcdof atroom
~ive-applyingconditions

adhesiveafterlastT~e~tH !cime‘Z:;r ‘~g- Time
Ccat (%) (*) (OF) (mIn)
(hr)

A SPw 4oto64 ---- -- 250 350 25

B (a) 24 ---- -. 250 =5 63

c spray 48t06!3 200 45 150 300 30

D spray (33 bw 45 250 300 15

E (c) 4ot044 ---- -- 250 300 10

F Web 20 ---- -- a 300 25

G Brush 16to24 200 10 250 350 25

H Brush 8 320 20 m 400 192

I Brush Overnight 350 12 250 35Q 10

J %prinkled‘%one ---- -- 5 360 120

K Brush 1 325 15 250 325 30

L Brush None ---- -- 5 75 Overnight

M Bnlsh None ---- -- 3 75 Overnight

N Onelayer None ---- -- 250 40Q 15
oftape

%imry adhesi~ewasappliedby sprayandsecondmyadhesive,by
brush.Primryadhesivewasassmbld ad curedasforadhesiveA,except
thatnopressurewasusedduringcuringinopenassembly.

%ollowedbyprecuringinclosedassemblyat300°F for9min.
COnecomponentwasappliedbybrushandtheother,bydustingwhile

firstcomponentma wet.
%n metalheatedto 200°F.
%etalonlycooledtoroomtempemture. -

——. .—.
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TABLE2

CONDITIONSUSEDINBONDINGI&PSBEAR

PLASTICLAMINATESTOTEEMSELWES

hesive

D

M

o

P

Q

R

s

Methodof
applying
adhesive

spray ~

I

Brush

Brush

Brush

Brush

Brush

Brush

2W-T3ALuhfmuhfALLOY

~,STSPECIMENSOF

ANDTO CLAD

Assembly
conditions

16hr at
75°F @-lS
~o~F at

Immediate
assembly

~minopen
plus10min
closed

Immediate
assembly

Mmediate
assembly

+hr open

~minopen
plus10min
closed

Precuring
conditions

9minat
300°F

No precure

No precure

No precure

No precure

No preCUI’e

No precure

Bonding
pressure
(psi)

150

5

150

150

5

150

5

curing
conditions

!l%mper-
ature
(%’)

300

75

75

75

75

250

75

Time
(hr)

1/4

16

16

16

16

1

16

.—. —..-— —— —.——— —..
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TABM6

MImMJMAmlMum!m mmmm V-mmsOFTEST’Sm L&QSHMR smIMEm OF Pusmc IAKmmEs

BONDEDTQTHEM3EL~MD OFPIMTICI&KWCE3BOKDEDlWCWAILMLWM HmE mwmw

COMMERCIALADBZSm ANDTHEO AT -~0°,80°,AKO27)0F IMMEDIATELYUKIN

RMCKU+CEQOEiBRIUMATTSE6E~

~ Al: Grade L cotton-
fabric-phenoliclaminati

tested at -

=7’==
632-74.061s-655
672-727613-690
-------2!?&3641
---7---2E!&385
622-Tx 595-670
-------365-49
643-7486cQ-680

25f10F

250-485
170-205
-------
-------
93-mJ
-------
195-365

MiJlimmand maximum strerlgthvalueb
(lb/O.5aqIn.)

Type B2: Glass-fabric
(181 -114) -plyec-ter
laminate testedat -

-700 F

EKm-912
487-957
-------
365-445
825-9$5
640-872
40s-6643T

80°F 250°F

935-1323175-MC
%> 87o=-3x
365-495-------
400-5252cc@50
w- 712 mm
74o-83Y26S-12Q
315-485120-16i)

Type c? 2WT3 CM

alwinurn to wade L
cottan-fabric-phenolic

lamiJMte teded at -

-70°F

23>267
1.20-155
-------
-------
163-225
-------
----.--

&lo F

3t@-472
245-330
-------
----.--
378-T22
-------
-------

2500 F

I-39-185
75-lCQ

-------
-------
!+ 65

-------
-------

~ D4: 24s-T3CkI
alwnillunl to glaaa-

feimic (181.-I.I.4) -po~eat-ez
Umlrate tested at -

-70° F

$=7-3$5
155-2JIa
-------
-------
172-274
-------
-------

370-442lEs-335
310-425 45->7
--------------
------- -------
444-704 20-45

hype A specimen consistedof two 1- by 1~- in, pieceeof l/&irL,-thick gade L cotton-fabric-phenolic laminate

lap-jointed for O.~ in.

2TyLu B specimen ww the same as typ A exceptthat the I.eminatiused wm l/&ln.-thick glae.-fabric (181-IS+) -
polyester lmlnata.

%Cyfe C spechen coneletedof two 1- by 1~ -in. piecesof O,032-in.@l.&Ts clad almlnun alloy overlappedfor

O.~ h with a 8him of O.032-in.gade L cotton- fabric-phenolic Imnlnate in the lap area.

he D SWC*n WM the B.= M ‘cYPe C awcheno =ccPt that the .hfm in m L911fm. vu of o.032-in.@MS-
fabrlc (181-ilk) -~lyester laminate,

-
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Figure1.- Testpaneland test spec~n for evaluationof adhesives
in jointsof cladaluminumta itself.
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Figure2.- Test paneland test specimenfor
in jotitsof plastic lamhate

evaluationof adhesives
to itself.
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evaluationof adhesives
cladaluminum.


